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© pH buffering method. 

® A novel buffering method for a solution which 
contains metal ions usually forming an insoluble 
metal salt with a phosphoric acid salt characterized 
in that one or more salts of phosphoric esters se- 
lected from salts of sugar phosphoric esters and 
gtycerophosphoric acid salts are added. 

The method can be widely utilized in the fields 
of food, medicines, cosmetics and the like. 
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pH BUFFERING METHOD 



BACKGROUND OF THE INVENTION 

i) Field of the Invention 

This Invention relates to a buffeting method in 
which a pH of a solution containing metal ions, 
which would otherwise form insoluble metal salts 
wfth phosphoric add salts, is buffered without for- 
mation of any Insoluble metal salts. 



2) Description of the Prior Art 

Phosphoric acid salts have the capability of 
buffering pH and have wide utilization In various 
fields of Industries as a pH buffering agent In view 
of the fact that phosphoric acid salts have the 
function of pH buffering in Ovlng body, they are one 
of important pH buffering agents. 

In the ffeW of certain products Including food 
and medicines which are taken in Irving body oral- 
ly. Intravenously or percutaneousf/, phosph oric 
add salts are widely used as a pH buffering agent 
from the standpoints of a pH buffering range, safe- 
ty end cost On the other hand, in the specific 
fields of fodd. medicines, cosmetics end fragrance 
materials, It Is frequently experienced to add al- 
kaline metal forts such as Ca. Mg. and the like, 
transition metal Ions and the doe so as to enhance 
the functional properties of the products. 

However, these metal ions react with phos- 
phoric acid salts to form Insoluble metal salts, 
causing the pH buffering ability to lower and an 
undesirable phenomenon such as of turbidity to 
occur. This involves a problem of considerably 
lowering the values of the products such as food, 
medicines, cosmetics, fragrance materials and the 
Mae. 



SUMMARY OF THE INVENTION 

The present Inventors made Intensive studies 
to solve the above problem. As a result It was 
found that safis of phosphoric esters such as salts 
of sugar phosphoric esters and gVcerophosophoric 
add salts have a good capability of pH buffering 
without formation of any insoluble metal salts In a 
solution In which such metal Ions are present which 
wfll farm Insoluble metal salts by reaction with 
pnospnonc acta salts. 



More particularly, the present Invention pro- 
vides a pH buffering method for a solution in which 
there are present metal tons forming insoluble met- 
al salts by reaction wfth phosphoric acid salts, the 
5 method characterized by adding one or more salts 
of phosphoric esters selected from the group con- 
sisting of salts of sugar phosphoric esters and 
gtycero phosphoric acid salts. 

TO 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I Is a graphical representation of titration 
curves of buffering solutions of Examples I to 4; 
rs Fig. 2 is a graphical representation of pH 

titration curves of buffering solutions of examples 5 
to 8; 

Rg. 3 is a graphical representation of pH 
titration curves of buffering solutions of Example 9; 
30 and 

Fig. 4 is a graphical representation of pH 
titration curves of buffering solutions of Compara- 
tive Examples I to 6. 



DETAILED DESCRIPTION OF THE INVENTION 
AND P REFERRED EMBODIMENTS 

The salts of phosphoric esters used in the 

so present Invention are salts of phosphoric esters 
wfth monosaccharides, disaccharides and polysac- 
charides, and salts of glycerophosphate esters. 
Examples of the salts include salts between 
glucose+phosphate, glucose-e^jhosphate, 

ss mannose-6-phosphate. g^lactose-frphosphatB. 
fructose-8-phosphate, gtucose-U6Kaptosphate, 
mjctose-ie-cfahosphate. etpha-gtycerophosphoric 
acid, beta-grycerophosphoric add and the like and 
Na, K, Ca, Mg, NH* amines. aJkanotamtnes. amino 

40 acids and the Dke. Preferable examples Include Na. 
K. Ca. Mg. Fe and argtntne salts of gtucose4- 
phosphate. gIucose-9-phosphate. fructose-6-phos- 
phate, mjctoseH.S-Qiphosphate. beta- 

glycerophosphate acid and the like. 

46 Metal ions forming insoluble metal salts by 

reaction with phosphoric acid salts may be alkaline 
earth metals such as Ca, Mg. Ba and the like, .Zn. 
Ti. Al. Or. Mn. Pb. Sn. Cu. ISO and the Eke. As a 
matter of course, two or more metal ions may 

so coexist. 

The concentration of metal ions forming insolu- 
ble metal salts with phosphoric acid salts present 
In a solution Is not critical. For instance, even 
through metal ions are present in large amounts 
such that their molar concentration , exceeds a mo- 
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tar concentration of a phosphoric add salt the 
resultant metaJ salt of the phosphoric ester is solu- 
ble in water and the solution Is transparent show- 
ing a satisfactory pH buffering capability. 

The concentration of a salt of' a phosphoric 
ester used in the present Invention may vary de- 
pending on the degree of the pH buffering capabil- 
ity required and is thus not critical 

The pH buffering range varies depending on 
the types of acid component and base component 
constituting a pH buffering system. When a salt of 
a phosphoric ester Is used aa both an add compo- 
nent and a base component an effective pH buf- 
fering range is from 4 to 8, most preferably from 5 
to 7. On the other hand, when a salt of a phos- 
phoric ester is used as either an add component or 
a base component and a component other than the 
phosphoric ester salt is used a counter base or 
add component, the pH may be buffered in an 
addic range below 4 or In a basic range over 8. 
The present invention Is not limited to a specific 
buffering range of pH. 

The solution In which metal ions are present 
may comprise any compounds not Impeding the 
pH-buffering capability of the phosphoric ester salt 
e.g. f water-soluble solvents, surface active agents, 
sugars, lipids, amino adds, proteins and the like. 

The present invention provides a method for 
pH buffering of a solution in which metal ions 
forming insoluble metal salts by reaction with phos- 
phoric add salts are present which method com- 
prising adding a salt of a phosphoric ester as a pH 
buffering agent where the pH is buffered without 
formation of any insoluble metal salts. This method 
can be widely utilized in the fields of food, medi- 
dnes, cosmetics, fragrance, materials and the like 
Induding, more particularly, drinks, nourishing 
drinks, transfusions, eye drops, oral hy genie arti- 
cles, bath agents. 

Examples and comparative examples are de- 
scribed to Illustrate the invention. 



Example I 

I liter of ion-exchanged water was added to 0.111 
g of CaCt, to prepare an aqueous solution with a 
Ca** ion concentration of 0.001 mol/l. 

3-80 g of dipotassium glucose-!- 
phosphat9»2H I 0 (purity 88%. 0.01 mol) was added 
to and mixed with the solution. The resultant solu- 
tion was found to be transparent with a pH of 8.4. A 
l/ION HCI aqueous solution was further added to 
the solution for pH titration. The pH titration curve 
is shown In Rg. I. The solution had a pH buffering 
range of from 5 to 7. During and after addition of 
100 cc of a WON HCI aqueous solution, the solution 



was transparent The solution after addition of SO 
cc of a WON HCI aqueous solution was left as 
transparent on storage at 25 *C for I week and no 
changes were observed. 

6 

Example 2 

I Dter of ion-exchanged water was added to 11.11 
io g of CaCI, to prepare an aqueous solution with a 
Ca"+ Ion concentration of 0.01 mol/l. 

330 g of dipotassium glucose-l- 
phosphate»2Hi0 (purity 08%. 0.01 mol) was added 
to and mixed with the solution. The resultant aque- 
rs ous solution was found to be transparent with a pH 
of 8.3. A1/I0N Ha aqueous solution was further 
added to the solution for pH titration. The pH 
titration curve Is shown in Rg. I. The solution had a 
pH buffering range of from 5 to 7. During and after 
20 addition of 100 cc of a WON HCI aqueous solution, 
the solution was transparent. The solution after 
addition of 50 cc of a WON HCI aqueous solution 
was (eft as transparent on storage at 25 °C for I 
week and no changes were observed. 

26 

Example 3 

I liter of ion-exchanged water was added to ll.lg 
30 of CaC, to prepare an aqueous solution with a Ca~ 
ion concentration of 0.1 mol/l. 

330 g of dipotassium giucose-f- 
phosphate*2H,0 (purity 98%. 0.01 mol) was added 
to and mixed with the solution. The resultant aque- 
3s ous solution was found to be transparent with a pH 
of 8.0. A l/ION HCI aqueous solution was further 
added to the solution for pH titration. The pH 
titration curve is shown In Rg. I The solution had a 
pH buffering range of from 5 to 7. During and after 
40 addition of 100 cc of a l/ION Ha aqueous solution, 
the solution was transparent The solution after 
addition of 50 cc of a M0N HCI aqueous solution 
was left as transparent on storage at 25°C for I 
week and no changes were observed. 

45 

Example 4 

I liter of Ion-exchanged water was added to 1.(1 
so g of CaCI, to prepare an aqueous solution with Ca* 
Ion concentration of 0.01 mol/l. 

3.(0 g of disodlum glucoses-phosphate (purity 
08%, 0.01 mol) was added to and mixed with the 
solution. The resultant aqueous solution was found 
as to be transparent with a pH of 8.4. A l/ION HCI 
aqueous solution was further added to the solution 
for pH titration, the pH titration curve is shown in 
Rg. I. The solution had a pH buffering range of 
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from 5 to 7. During and after addition of 100 cc of a 
l/ION Ha aqueous solution, the solution was trans- 
parent. The solution after addition of 50 cc of a 
t/ION HCI aqueous solution was left as transparent 
on storage at 25°C for I week and no changes 
were observed. 



Example 5 

I liter of (on-exchanged water was added to Ul 
g of CaCfj to prepare an aqueous solution with a 
CA 1 * Ion concentration of 0.01 moVL 

3J0 g of di sodium glucose- l-phosphate (purity 
98%. 0.01 mol) was added to and mixed with the 
solution. The resultant aqueous solution was found 
to be transparent with a pH of 9.4. A WON HCI 
aqueous solution was further added to the solution 
for pH titration. The pH titration curve Is shown In 
Rg. 2. The solution had a pH buffering range of 
from 5 to 7. During and after addition of 00 cc of a 
WON HCI aqueous solution, the solution was trans- 
parent The solution after addition of 50 cc of a 
I/ION HO aqueous sofufion was left as transparent 
on storage at 25 # C for I week and no changes 
were observed. 



Example 6 

I liter of iort-exchanged water was added to 1.11 
g of Cad, to prepare an aqueous solution with a 
Ca** Ion concentration of 0.01 mol/l. 

3-56 g of dtsodium fructose-6- 
phosphate»2^H 1 0 (purity 98%. 0.01 mol) was ad- 
ded to and mixed with the solution. The resultant 
aqueous solution was found to be transparent with 
a pH of as. A I/ION HO aqueous solution was 
further added to the solution for pH titration. The 
pH titration curve Is shown In Rg. 2. The solution 
had a pH buffering range of from 5 to 7. During 
and after addition of KX) cc of a I/ION Ha aqueous 
solution, the solution was transparent The solution 
after addition of SO cc of a 1/10 N Ha aqueous 
solution was left as transparent on storage at 25°C 
for I week and no changes were observed. 



Example 7 

I liter of ion-exchanged water was added to Mi 
g of CaOx to prepare an aqueous solution with a 
Ca** Ion concentration of 0.01 mol/l. 

3-12 g of disodTum beta- 
gIycerophosphate«5H£> (purity 98%. 0.01 mol) was 
added to and mixed with the solution. The resultant 
aqueous solution was found to be transparent with 
a pH of 8.5. A WON HO aqueous solution was 
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further added to th solution for pH titration. The 
"pH titration curve is shown in Rg. 2. The solution 
had a pH buffering rang of from 5 to 7. During 
and after addition of 100 cc of a l/ION Ha aqueous 
solution, the solution was transparent The solution 
after addition of 50 cc of a I/ION Ha aqueous 
solution was left as transparent on storage at 2S*C 
for I week and no changes were observed. 



Example 8 

I Bter of ion-exchanged water was added to 
2.03 g of Mga^SHaO to prepare an aqueous solu- 
tion with a Mg*+ ion concentration of 0.01 mol/l. 

3.80 g of di potassium gluooool 
phosphate«2HsO (purity 88%. OjQ! mol) was added 
to and mixed with the solution. The resultant aque- 
ous solution was found to be transparent with a pH 
of 82. A WON Ha aqueous solution was further 
added to the solution for pH titration. The pH 
titration curve Is shown in Rg. 2. The solution had 
a buffering range of from 5 to 7. During and after 
addition of 100 cc of a HON Ha aqueous solution, 
the solution was transparent The solution after 
addition of 50 cc of a I/ION Ha aqueous solution 
was left as transparent on storage at 25 °C for I 
week and no changes were observed. 



Example 9 

I Bter of ion-exchanged water was added to 
238 g of ZnS0*.7HtO to prepare an aqueous solu- 
tion with a Zn*+ ion concentration of 0.01 mot/1. 

3.80 g of dipotassium glucose-f- 
phosphate«2H«0 (purity 98%. 04)1 mo!) was added 
to and mixed with the solution. The resultant aque- 
ous solution was found to be transparent with a pH 
of 7 J. A I/ION HCI aqueous solution was further 
added to the solution for pH titration. The pH 
titration curve is shown in Rg. 3. The solution had 
a pH buffering range of from 5 to 7. During and 
after addition of (00 cc of a t/ION Ha aqueous 
solution, the solution was transparent The solution 
after addition of 50 cc of a I/ION Ha aqueous 
solution was left as transparent on storage at 25°C 
for I week and no changes were observed. 



Comparative Example I 

I liter of ion-exchanged water was added to 0J1I 
g of CeCI, to prepare an aqueous solution with a 
Ca** ion concentration of 0.001 ma l/I. 
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L74 g of K*HPO« (Q.OJ mol) was added to and 
mixed wfth the solution. The resultant aqueous 
solution was turttd with a pH of 82. A HON HCt 
aqueous solution was further added to the solution 
for pH titration. The pH titration curve is shown in 
Rg. 4: The solution had a pH buffering range of 
from 6 to a During and after addition of 50 cc of a 
WON HCI aqueous solution, the solution remained 
turbid, without showing any changes on storage at 
25"Cforlweek. 



Comparative Example 2 

I liter of (on-exchanged water was added to Ml 
g of CaO, to prepare an aqueous solution with a 
Ca** Ion concentration of 0.01 mol/l. 

1.74 g of K*HPO« (0.01 mol) was added to and 
mixed with the solution. The resultant aqueous 
solution was in a very turbid state with a pH of 6.3. 
A I/ION HCI aqueous solution was further added to 
the solution for pH titration. The pH titration curve 
is shown In Fig. 4. The solution had a pH buffering 
range of from 5 to 6. During and after addition of 
50 cc of a WON HCI aqueous solution, the solution 
remained turbid, without showing any changes on 
storage at 2S°C for I week. 



Comparative Example 3 

I liter of ion-exchanged water was added to Uf 
g of CaCt, to prepare an aqueous solution with a 
Ca»* Ion concentration of 0J mol/l. 

1.74 g of K,HPO, (0.0! mol) was added to and 
mixed with the solution. The resultant aqueous 
solution was In a very turbid state with a pH of 5.5. 
A I/ION HCI aqueous solution was further added to 
the solution for pH titration. The pH titration curve 
Is shown In Rg. 4. The solution had a pH buffering 
range of from 4 to 5- During and after addition of 
50 cc of a l/ION HCI aqueous solution, the solution 
remained turbid, without showing any changes on 
storage at 25°C for I week. 



Comparative Example 4 

> 

I liter of Ion-exchanged water was added to 
2.03 g of MgCI*.6H,0 to prepare an aqueous eolu- so 
tioo with a Mg 1+ Ion concentration of 0.01 mol/I. 

1.74 g of K.HPO, (0.01 mol) was added to and 
mixed with the solution. The resultant aqueous 
solution was In a turbid state with a pH of 7.5. A 
I/10N HCI aqueous solution was further added to the 55 
solution for pH titration. The pH titration curve Is 
shown In Rg. 4. The solution had a pH buffering 



f from 6 to 7. During and after addition of 
50 cc of a WON HCI aqueous solution, the solution 
remained turbid, without showing any changes on 
storage at 25 °C for I week. 



Comparative Example 5 

I liter of ion-exchanged water was added to 
2.86 g of ZnS0..7H,0 to prepare an aqueous solu- 
tion wfth a Zh** Ion concentration of 0.01 mol/l. 

1.74 g of K.HPO. (0.01 mol) was added to and 
mixed wfth the solution. The resultant aqueous 
solution was in a turbid state with a pH of 4.6. A 
WON HCI aqueous solution was further added to the 
solution for pH titration. The pH titration curve is 
shown in Rg. 4. The solution had a pH buffering 
range of from 3 to 5. During and after addition of 
50 cc of a WON Ha aqueous solution, the solution 
remained turbid, without showing any changes on 
storage at 25 °C for I week. 



Comparative Example 6 

I liter of Ion-exchanged water was added to l.il 
g of CaCI, to prepare an aqueous solution with a 
Ga»* Ion co n ce n tration of 0.CM mol/l. The solution 
had a pH of 5.8. 

A WON Ha aqueous solution was further added 
to a solution for pH titration. Trie pH titration curve 
is shown m Fig. 4. The solution had a pH buffering 
range of from 2 to 3. During and after the addition 
of the WON HCI aqueous solution, the solution was 
transparent without showing any changes on stor- 
age at 25° C tor I week. 



Claims 

1. A pH buffering method for a solution which 
contains metal Ions usually forming 8 insoluble 
metal salt wfth a phosphoric add salt, characterized 
in that one or more salts of phosphoric esters 
selected from salts of sugar phosphoric esters and 
glycerophosphorlc acid salts are added. 
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FIG. 1 




Amount of I/ION HC1 aqueous solution (cc) 
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FIG. 2 




Amount of I/ION HC1 aqueous solution (cc) 
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FIG. 4 




